INTRODUCTION
Strawberry is a species sensitive to water shortages, especially during fruit growth and ripening. Reduced availability of water induces physiological and biochemical changes in all organs of the plant. Limitation of gas exchange can reduce assimilation of carbon dioxide, which, as a result, limits plant growth and development.
surface area of the above-ground part of the plant with a high water content in fruits and a shallow and not very extensive root system Treder, 2006, 2008] . Limited water resources necessitate more and more rational use of water for irrigation and searching for new fruit production technologies, which reduce water consumption. One method of limiting water loss in plant production involves the use of antitranspirants, which reduce plant transpiration [Latocha et al., 2009; Masoud, 2012; Abdel-Fattah, 2013 ].
According to the mechanism of action, antitranspirants can be divided into three categories. The first category includes preparations forming a vapour-impermeable film on the leaf surface (di-1-p-menthene belongs to this group, among others). The second category includes reflective preparations, which reflect part of solar radiation falling on the upper leaf surface (e.g. kaolin spraying), while the third category consists of preparations causing the closing of stomata (by influencing metabolic processes in plant tissues) Al-Humaid, 2005a, 2005b] .
Di-1-p-menthene (pinolene) is a natural terpene polymer obtained from plant resin, which is used as a foliar antitranspirant in a form of water emulsion. It forms a thin film on leaves, which polymerises under the influence of sunlight, reaching high resistance and elasticity. It is a safe substance for the environment [ The aim of the research was to assess the influence of di-1-p-menthene on gas exchange and water balance parameters and on the content of assimilation pigments in strawberry leaves at four measurement dates.
MATERIAL AND METHODS
In 2009-2010, a two-factor pot experiment in a completely randomized system was carried out in four replications in the vegetation hall of the West Pomeranian University of Technology in Szczecin. The object of the study was the strawberry cv. 'Salsa'. The first experimental factor included spraying the plants with an antitranspirant containing di-1-p-menthene (96%) with the commercial name of Vapor Gard (Miller Chemical and Fertiliser Corporation, USA) at a concentration of 0.75%. The antitranspirant was used once before flowering. The date of measurement of physiological parameters (strawberry development stage) was the second factor. The measurements were performed four times: before flowering (1st measurement date) -7 days after the application of the antitranspirant, when the plants were in full flowering (2nd measurement date), in the middle of the harvest season (3rd measurement date) and fourteen days after the end of the harvest season (4th measurement date). Pots of 10 dm 3 capacity were filled with 8 dm 3 of soil material. For all plants, the same mineral fertilization was used. The doses of fertilization were (kg·ha -1 ): 50 N, 80 P and 100 K. Potassium, phosphorus and half a dose of nitrogen fertilization was applied prior to planting. Half a dose of nitrogen was used before the flowering of the plants. In mid-April 2009, "frigo" plants were placed in containers, 1 piece per pot. The plants wintered in pots in an unheated greenhouse. Soil moisture was measured by means of soil contact tensiometers. All plants were watered when the tensiometer showed 450 hPa. Then plants were watered with 0.5 dm 3 H 2 O/pot. All measurements of physiological parameters were performed on healthy, fully grown leaves in ten repetitions.
Gas exchange parameters measured in leaf tissues included CO 2 assimilation intensity (A) and transpiration (E), stomatal conductance to water (g S ) and substomatal CO 2 concentration (c i ). They were performed using a portable gas analyzer TPS-2, PP Systems, operating in an open system and equipped with a measuring chamber PLC4. The analyzer cuvette conditions were set to a constant supply of carbon dioxide at a concentration of 370 ppm (μmol CO 2 •mol -1 air), humidity equal to ambient humidity and lighting equal to 2053 PAR (μmol•m -2 •s -1 ), provided by a light unit coming with the cuvette. The data describing assimilation intensity and transpiration were used to calculate photosynthetic water use efficiency (WUE), determined as the ratio of assimilation to transpiration rate. On the basis of the quotient of photosynthesis to stomatal conductance, the instantaneous photosynthetic index of water use efficiency (WUEI) was calculated.
Assimilation pigments content was determined in the same leaves, in which the gas exchange parameters were assessed. Chlorophyll content was measured using a method described by Arnon et al. [1956] and modified by Lichtenthaler and Wellburn [1983] , and carotenoids content was assessed according to Hager and Mayer-Berthenrath [1966] . For the estimation of assimilation pigments content, a known mass of leaf (about 0.05 g) were homogenized in 10 cm 3 of 80% acetone. The homogenate was centrifuged at 2500 g for 10 minutes. The absorbance of the acetone extracts was measured at 440, 645 and 663 nm using a spectrophotometer (Marcel Mini). Relative water content (RWC) index in strawberry leaves was calculated as described by Yamasaki and Dillenburg [1999] . Leaf material was weighed to determine fresh weight and placed in distilled water for 24 h and then turgid weight was recorded. Finally, the samples were dried in an oven at 80°C for 48 h and the dry weights were recorded. RWC was calculated as: RWC = [(Fresh weight -Dry weight)/ (Turgid weight-Dry weight)] × 100.
The synthesis of the results from a two-year period was prepared. The obtained results were analysed with two-factor analysis of variance. In order to determine the significance of differences between mean values, Duncan confidence halfintervals were calculated at a significance level of p = 0.05. Statistical calculations were carried out using Statistica 10 software.
RESULTS AND DISCUSSION
The averaged research results on gas exchanged in the strawberry, which were obtained four times during the vegetative season, are presented in Table 1 2 I -before flowering, II -full flowering, III -middle of the harvest season, IV -after the end of the harvest season, 3 A -assimilation CO 2 , E -transpiration, c i -concentration of carbon dioxide in the intercellular spaces, g s -stomal conductance for water. 4 Means assigned identical letters do not differ significantly at the level of significance α=0.05.
By comparing the average activity of gas intensity at individual developmental stages of the analysed strawberry cultivar, it can be concluded that the greatest net assimilation and transpiration were shown in strawberries on the 3rd measurement date (harvest season) and it differed significantly from the intensity of these processes on the 1st and 2nd dates. The flowering strawberry plants were characterised by the lowest intensity of transpiration. The greatest substomatal CO 2 concentration was found on the 3rd and 4th measurement dates -it was significantly different from the concentration found at the 2nd date. For the stomatal H 2 O conductance, its highest value was observed after the harvest season (Table 1 ).
An analysis of the interactions between experimental factors revealed that for the net assimilation, its values were found in leaves, which were not treated with the antitranspirant on the 1st measurement date and on the 2nd measurement date after the antitranspirant application (Table 1 ). In the other experimental combinations, the net assimilation concentration remained at a similar level. Experimental plants on the 4th measurement date were characterised by the highest intensity of transpiration. Substomatal CO 2 concentration showed considerable variability, depending on both the antitranspirant action and the developmental stage of the analysed species. For stomatal H 2 O conductance, its highest values were found in control plants and plants treated with the Vapor Gard preparation after the harvest season.
According to Jeżowski et al. [2009] and Wró-bel and Wróbel [2015] , the photosynthetic index of water use efficiency (WUE) is mostly determined by environmental conditions of the plant growth, while the instantaneous photosynthetic index of water use efficiency (WUEI) mostly depends on the plant genotype. Table 2 presents the average value of photosynthetic water use indices in photosynthesis at individual developmental stages of the analysed strawberry cultivar under the influence of antitranspirant treatment. On the basis of the results obtained, it can be found that the application of the Vapor Gard preparation increased the photosynthetic index of water use efficiency (WUE) and it did not influence the value of the WUEI index. The highest value of the WUE index was shown in flowering strawberry plants. At the other measurement dates, its values were lower and similar. The WUEI index remained at the same level at the stages before flowering, during flowering and during the harvest season of strawberry, while it was the lowest after harvest season. According to Moftah and AlHumaid [2005] , the Vapor Gard preparation increased the WUE index in Polianthes tuberosa L. under water stress conditions, while in research by Francini and Lorenzini [2011] , this preparation also increased the WUEI value in bean plants under ozone stress conditions.
The average values of assimilation pigments, i.e. chlorophyll "a", "b", total chlorophyll (chlorophyll "a+b") and carotenoids, are presented in Table 3 . On the basis of the results obtained, it was found that the application of the antitranspirant did not influence the content of all determined pigments in leaves of the analysed species or the ratio of chlorophyll "a" to "b". Similar results (Table 4 ). The value of the RWC index also depended on the developmental stage of strawberry plants. The highest relative water content was shown in leaves of the tested strawberry cultivar on the 3rd measurement date (91.57%), while the lowest is on the 2nd stage (80.62%). It can be concluded on the basis of the analysis of the interactions between experimental factors that values higher than the RWC factor were found in antitranspirant-treated plants than in control plants on the 1st and 2nd measurement dates. During the harvest season and after its end, the relative water content in plant leaves sprayed with the Vapor Gard preparation and in control plants remained at a similar level.
CONCLUSIONS
Foliar application of the Vapor Gard antitranspirant decreases the intensity of strawberry transpiration without changing the CO 2 assimilation activity. Plants sprayed with the tested preparation were characterised by a higher relative water content (RWC) in leaves and a higher value of the photosynthetic index of water use efficiency (WUE). The antitranspirant did not influence the content of assimilation pigments in strawberry leaves. The values of the determined physiological features depended on the measurement date (developmental stage) of the tested strawberry cultivar. 
